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Abstract 
This work presents the direct laser printing of thiol-modified oligonucleotides onto the surface of 3-
glycidoxypropyltrimethoxysilane (GOPTS)-functionalized LTO on Si planar substrates and onto (GOPTS)-
functionalized capacitive sensor membranes. The (GOPTS)-functionalized planar LTO on Si surfaces have 
been used to select the optimum deposition conditions and to confirm the ability of the oligonucleotides to 
recognize their complementary targets in solution. This reaction was confirmed by fluorescence microscopy. 
The purpose of those experiments was the fabrication of a label-free biosensor. 




1. Introduction  
The deposition of biomaterials has numerous applications in manufacturing biosensors for clinical or 
environmental applications. In biosensors technology, the most commonly used printing techniques are 
ink – jet printing [1], dip pen nanolithography [2,3] and LIFT [4, 5]. 
Laser Induced Forward Transfer (LIFT) is a direct write technique that allows selective deposition of 
any type of biomaterial, without making contact with the substrate of the biosensor. For the laser 
deposition, the biomaterial is coated on a donor substrate. The donor substrate is placed parallel to the 
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biosensor, so that after irradiation, the biomaterial is printed to the biosensor surface. LIFT technique was 
first presented by Bohandy et al. [6] for metal deposition. Since then many groups used this technique for 
the deposition of biomolecules such as cells [7,8,9], vitamins [10], DNA [11, 12], antigen [13] and 
bacteria [14]. 
This work presents the deposition of oligonucleotides onto 3-glycidoxypropyltrimethoxysilane 
(GOPTS)-functionalized capacitive sensor membranes. Initially we have selected planar GOPTS 
functionalized- LTO on Si substrates to find the optimum conditions for the depositions and to do the 
bioreactivity tests. Later on we have selected GOPTS-functionalized capacitive sensor membranes for the 
fabrication of a DNA biosensor.  
2. Experimental  
2.1. Experimental setup 
LIFT experiments were carried out, according to the setup shown in Fig. 1, using a pulsed Nd:YAG laser 
(266 nm wavelength) with a pulse duration of 10 ns (measured) and a high power imaging 
micromachining system. A target holder was fixed onto a computer-FRQWUROOHG [í\ WUDQVODWLRQ VWDJH
allowing a maximum 25 mm x 25 mm movement and having a 1 ȝPSRVLWLRQLQJUHVROXWLRQ$/DEYLHZ
program was used in order to synchronize the x-y motion with the laser. After the laser beam exits the 
laser, it passes through an attenuator to a rotating base controlled by a Lab view program. Then the laser 
beam is expanded through a telescopic system of lenses and passes through a circular mask. The 
microarrays were printed using a 15 X (OFR) objective to focus the laser beam onto the donor substrate. 
The donor substrate consists of a Ti (40 nm) film on quartz plate, onto which a thin film (10 ȝ/RIWKH
biomaterial to be deposited. a thin film (10 ȝ/RIWKHELRPDWHULDOis deposited.  
  
Fig. 1: Laser Induced Forward Transfer experimental setup. 
2.2 Materials 
 
The optimum conditions for the deposition and the hybridization of the oligomer probes to their 
complementary targets have been tested with the use of a Leica Confocal Fluorescence microscope. For 
this purpose, oligomers were initially deposited to planar LTO on Si substrates, functionalized with a 
layer of 3-glycidoxypropyl tri-methoxy silane (GOPTS) by polymerization in solution. GOPTS layer was 
formed on the surface by leaving the sample for 6 hours into a solution of 2% 3-glycidoxypropyl tri-
methoxy silane (GOPTS) in 95% Ethanol, at 370C. Afterwards the substrates were dried at 1350C for 1 
hour. The synthesized oligonucleotides on the other hand were chemically modified by the addition of a 
thiol group (-6+DWWKHLU¶HQGVRDVWREHDEOHWRIRUPFRYDOHnt bonds with the silane coating used. The 
final concentration of the oligomer solution was 10ȝM in 1M phosphate buffer pH8. The layer of In order 
to remove any non-specifically bound oligomer-probes from the surface, the activated surfaces were 
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treated with a solution of 1 mM MCH for 1h followed by extensive washes with Wash Solution (10mM 
NaCl, 5mM Tris, pH 7.4). Finally the complementary probes (10ȝM in 1M phosphate buffer pH8) were 
allowed to hybridize with the immobilized oligomers for 1h at 370 C. A final wash step was followed 
prior to visualization. The above protocol was used also for the functionalization of the capacitive 
membranes. 
3. Results and Discussion. 
3.1 Bioreactivity Test 
 
The bioreactivity of the transferred oligomer droplets was confirmed before and after the hybridization 
of the DNA probes to their fully complementary targets as shown in Fig. 2. Towards this goal, the 
immobilized oligonucleotides were labeled with fluorescein at their 3’end (green spots) while their 
complementary targets which were allowed to hybridize in solution with the former bore a tag (Texas 




Fig. 2: Fluorescence images a) before and b) after hybridization 
The printing process was accomplished in such a way that only one pulse would be sufficient for the 
deposition of each single droplet. Under optimal conditions, the laser transfer was achieved at 200 
mJ/cm2, the spot size was equal to 50 ȝm and the distance between the target and the substrate was found 
to be 200 ȝm. 
Fig. 2 shows the selectivity of the hybridization of oligomers and the uniformity in the fluorescent 
signal revealing that there is an even spread of the oligonucleotides across the microarray. It also confirms 
the deposited droplets have not undergone any damage, since hybridization with their complementary 
strands is still achieved. 
 
3.2 Deposition onto capacitive sensor membranes.  
 
After the preliminary deposition to planar GOPTS-functionalized LTO/Si surfaces, deposition onto 
GOPTS-functionalized capacitive sensor micro membranes followed as shown in Fig. 3.  
The laser printing conditions were chosen so that each deposited droplet would cover a large 
proportion of the membrane. The energy density of the laser pulse was 200 mJ/cm2 and the spot size was 
50 ȝm. 
Under these conditions, the diameter of the deposited droplets was 150 ȝm, while the diameter of each 
membrane was 200 ȝm. As illustrated in the picture below, the laser deposition was well confined with no 
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droplets outside the membranes. Also, the fact that LIFT is a non-contact technique ensures that there is 
no risk of damaging the membranes of the sensor. 
 
 
Fig. 3: LIFT deposited droplets of oligomer probes solution onto capacitive membranes. 
 
Following determination of the optimal conditions for probe deposition, three different probes were 
printed onto the capacitive sensors’ membranes. The first one was fully complementary to the target 
analyte in solution, while the second one formed one internal mismatch base-pair with the same target 
sequence. The third probe was non-complementary to the target oligonucleotide and was used as a 
reference.  
Current work is under progress to investigate the combination of the laser transfer of the biomaterials 
and the high roughness of the substrate. This provides an advantage of direct immobilization without the 
need for functionalization. For this purpose, substrates with different roughnesses are tested for 
immobilization.. 
4. Conclusions 
LIFT was used in order to transfer oligomer probes onto planar GOPTS- functionalized LTO on Si 
surfaces and onto GOPTS-functionalized capacitive sensors. Round and uniform droplets were deposited 
in both cases under optimal deposition conditions. The bioreactivity of the deposited droplets was 
confirmed with the use of a Confocal Fluorescent Microscope onto planar GOPTS-functionalized LTO on 
Si substrates. The deposited droplets onto the membranes of the sensor, were matching the size of each 
membrane. The laser deposition was selective, allowing the deposition of different biomaterials on each 
membrane. 
Future work will be focused on the deposition of oligomers onto high roughness capacitive sensors in 
order to fabricate a label-free biosensor, without the need for the functionalization step. 
Acknowledgements 
     The work that led to the development of this invention, was co-Ǧfinanced by Hellenic Funds and by 
the European Regional Development Fund (ERDF) under the Hellenic National Strategic Reference 
Framework (NSRF) 2007-Ǧ2013, according to Contract no. MICRO2-50 of the Project "Lab-on-Chip" 
within the Programme "Hellenic Technology Clusters in Microelectronics - PhaseǦ2 Aid Measure". 
 
855 M. Chatzipetrou et al. /  Procedia Engineering  25 ( 2011 )  851 – 855 
References 
                                                          
[1]: Annalisa Tirella, Federico Vozzi, Carmelo De Maria, Giovanni Vozzi, Tazio Sandri, Duccio Sassano, Livio Cognolato, Arti 
Ahluwalia, Journal of Bioscience and Bioengineering  xx No. xx, xxx – xxx (2011) 
[2]: Ki-Bum Lee, So-Jung Park, Chad A. Mirkin, Jennifer C. Smith, Milan Mrksich, Science. 295, 1702 (2002). 
[3]: L. M. Demers, D. S. Ginger, S.-J. Park, Z. Li, S.-W. Chung, C. A. Mirkin, Science 296, 1836 (2002). 
[4]: I. Zergioti, A. Karaiskou, D. G. Papazoglou, C. Fotakis, M. Kapsetaki, and D. Kafetzopoulos, Appl. Phys. Lett. 86, 163902 
(2005). 
[5]: V. Dinca, M. Farsari, D. Kafetzopoulos, A. Popescu, M. Dinescu, C. Fotakis ,Thin Solid Films 516 (2008) 6504–6511 
[6]: J. Bohandy, B. F. Kim, and F. J. Adrian, Appl. Phys. 60, 1538 (1986).
[7]: Jason A. Barron, David B. Krizman and Bradley R. Ringeisen, Annals of Biomedical Engineering, 33,  2 (2005) 
[8]: Christina M Othon, Xingjia Wu, Juanita J Anders, Bradley R Ringeisen, Biomed. Mater. 3 034101 (2008). 
[9]: Nicholas T. Kattamis, Priscilla E. Purnick and Ron Weiss, Craig B. Arnold, Applied Physics Letters 91, 171120 (2007). 
[10]: C. Boutopoulos, P. Andreakou, D. Kafetzopoulos, S. Chatzandroulis, and I. Zergioti, Phys.Stat. Sol. (a) 205, No. 11 (2008). 
[11@$.DUDLVNRXǿ=HUJLRWL&)RWDNLV0.DSVHWDNL'.DIHW]RSRXORVHWDOApplied surface Sciense 208-209 (2003) 245-249. 
[12@36HUUD0&ROLQD-0)HUQiQGH]-Pradas, L. Sevilla, J. L. Morenza, Appl. Phys. Lett.,  85, No. 9 (2004). 
[13@36HUUD-0)HUQiQGH]-Pradas, F.X. Berthet, M. Colina, J. Elvira and J.L. Morenza ,Appl. Phys. A 79, (2004) 949–952. 
[14]: J.A. Barron, R. Rosen, J. Jones-Meehan, B.J. Spargo, S. Belkin, B.R. Ringeisen, Biosensors and Bioelectronics 20 (2004) 
246–252. 
